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j. '* A Short title of study. ■ * . ,* \ * * - , 

Tests of small airway function as screening procedures 
for obstructive lung disease 
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5. Proposed storting date: July 1, 1974 

6. Estimated time to complete: 6 years (three years with this application) 

7. Brief description of specific research aims: 

Several new lung function testing procedures have been widely acclaimed- 
because of their purported value for early detection of chronic obstructive 
pulmonary disease (C0PD) . These tests have great potential usefulness for 
screening purposes, but rigorous proof of their predictive value is not now 
available. A prospective study will be undertaken in a large group of coronary- 
prone men already enrolled in a long term program of medical intervention with 
- respect to diet, blood pressure control and smoking cessation. The major 
objectives of the pulmonary studies that will be conducted as a part of the 
periodic evaluation of these patients are: 

1. To determine the relative value and significance of measurements of: 

(a) closing volume and closing capacity, (b) expiratory flow at 50 per cent of 
the vital capacity and smaller lung volumes, and (c) traditional indices of 
expiratory airflow such as the maximum mid-expiratory flow (MMF) and the forced 
vital capacity in one second (FEV^). . . 
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2. Measurement of the relative changes with time in the above tests. 
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ecifically cessation of smoking - alter the 
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3. Does intervention - specifically cessation of smoking - alter the 
changes with time in these tests? 



Source: https://www.industrydocuments.ucsf.edu/docs/jmllOOOO 
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8. Brief Statement of Working Hypothesis ; 

A. Introduction . The initial structural and functional abnormalities 
in COPD - prior to the appearance of overt clinical manifestations - occurs 

in small airways with a diameter of two mm or less. Traditional lung function 
tests reflect the status of the larger airways only, and thus may be quite 
normal despite the presence of disease of the small airways. Several tests, 
some ideally suited to large scale population surveys, are now available to 
assess the status of these small airways. What value they may have for this 
purpose can only be determined by carefully controlled, longitudinal study !' v 
of a cooperative, stable population. 

» 

B. Small airway function . The initial event in the prolonged, irreversible 
sequence that terminates with the clinical picture and* functional impairment 

of COPD is thought to be inflammatory changes limited to the small (less than 
2 mm in diameter) airways (Hogg, New Engl. J. Med. 258:1355, 1968). If so, 
it is of considerable importance to develop methods for assessing small airway 
function because patients at this incipient stage of COPD are essentially 
asymptomatic and the process may be reversible. Traditional ventilatory 
function tests are not sufficiently sensitive to detect COPD at this early 
stage because the standard tests primarily indicate the flow resistive pro¬ 
perties of the large airways. To assess the properties of the small airways 
special procedures must be employed such as: (1) measurement of pulmonary . 
mechanics or gas distribution at several different breathing frequencies, 

(2) determination of the airway closing volume or capacity, and (3) measurement 
of expiratory airflow at low lung volumes. To effect any significant reduction 
in the incidence of COPD, patients destined to develop the disease must be 
identified when they are entirely asymptomatic and, it is hoped, in a reversible 
phase of their illness. Once symptoms are present, and traditional lung 
function tests become abnormal, the disease is well established and irreversible 
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Apart from the specificity, sensitivity, reproducibility, and clinical 
usefulness of the above three categories of tests of small airway function 
there is the practical matter of their suitability for large-scale field use.- 
Thus, some trade off may be necessary between tests that are highly specific, 
but cumbersome, uncomfortable, time-consuming, and expensive; and other tests 
that are less specific but simple, painless, rapid and inexpensive. Because 
it is necessary to swallow an esophageal balloon, the measurement of lung 
mechanics at different breathing frequencies cannot be used as a screening 
test. 
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The closing volume or closing capacity and expiratory flow at low lung 
volumes have been acclaimed as being indicative of the status of the small 
airways and technically suitable for use in screening programs for respiratory 
health. Whether the closing volume or closing capacity is superior to flow 
measurements for early detection of minimal disease is uncertain. In nine 
patients with abnormal alveolar-arterial oxygen gradients and frequency - * 

dependence of compliance, Gelb and Zamel (New Eng. J. Med. 288:395, 1973) found 
abnormal expiratory flows in only seven. On the other hand, abnormal values v* 

for the closing volume were found in 72 percent of 46 smokers whereas one or 
more conventional tests were abnormal in only 30 percent (McCarthy, Amer.'J. 

Med. 52:747, 1972). We have surveyed 275 non-smoking employees of a Seventh ■" 

.** Da y Adventist Hospital and compared the closing volume, *forced expired volume 
* n one second (FEVi) , and flow at 25 percent vital capacity (Solliday, Amer. 

\ Rev * Resp. Dis. 107:1107, 1973). The closing volume was the only test to show 

m&U •• - -’..--M,.. .. *.W r. 
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8. Brief Statement of Working Hypothesis : (continued) 


a significantly different response between employees with respiratory 
symptoms and completely asymptomatic individuals. The closing capacity 
appears to be slightly more sensitive than, the closing volume in dis¬ 
criminating early dysfunction (Buist, Amer. Rev, Resp. Dis• 107:735, 1973), 
Whether small airway dysfunction necessarily means the eventual development 
of overt disease remains to be determined. All published normal values 
for the closing volume or capacity in adults indicates a progressive increase 
with age. Whether the change with time is different in patients with normal 
values at the outset than in patients with abnormal values will require some 
years of repetative observations to determine. 






C. Large airway function . Contrary to the relative novelty of tests 
for measurement of small airway function are the well established procedures 
for assessing large airways. The FEV^ and maximum mid-expiratory flow 
(MEF) have been in routine-use for many years, and there is a large body 
of accumulated, long-term experience with them. Studies of the same population 
group, repeated at intervals for some years, have been published so that the 
changes with time are known. Similar studies in patients with established 
obstructive lung disease indicate an exponential decline in FEV^ (Chandrasekhar 
Morse, Nam and Cugell, Amer. Rev. Resp. Lissubmitted for publication). 
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D. Temporal changes in ventilatory function . Normal values for lung 
function tests are imprecise, and it is traditional to allow for a twenty 
percent reduction below the predicted normal value before considering a 
specific result definitely abnormal. In contrast to these wide variations 
in predicted values, individual patient performances are highly reproducible. 
If the same person repeats the same maneuver at specified intervals over a 
period of time, a performance pattern can be established against which that 
person’s subsequent results can be compared. Thus, repetitive measurements 
at yearly intervals will establish a regression line for that test against 
age for that person. Deviation from the regression line will provide much 
greater sensitivity in identifying an abnormal result than comparison of an 
isolated measurement with a number calculated from a prediction formula. . - 
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E. Mass screening . Screening tests can be evaluated according to several 
characteristics (Chamberlain, ’’Recent Advances in Medicine,” 1973) such as 
sensitivity, specificity, predictive value and reproducibility. Safety, 
patient acceptability, economy and convenience are additional important ^ 

features. The closing volume or capacity, and expiratory flow measurements 
are completely safe, acceptable to the patient, inexpensive and convenient _ 

but other characteristics have not yet been defined. The predictive value CJ 

of these, or any other, screening procedures are of critical importance. In CTl 
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order to determine if an abnormal result signifies definite disease, some 
independent means of disease identification must be employed. Since the 
onset of chronic obstructive pulmonary disease is uncertain and the clinical 
course highly variable, there is considerable difficulty in identifying 
patients with COPL at an early, beginning phase of their illness. On the 
other hand, once established, COPD is easily recognized from the clinical 
symptoms and limitation of expiratory flow as measured by the FEV^ and MMF. 

Thus, the predictive value of closing volume or capacity and low lung volume 
flow rates cannot be ascertained without careful, long-term observation of a ^ *** 

cooperative group, some of whom are destined to develop COPD. 
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Brief statement of working hypothesis; 




(See appended pages) 



9. Detoil* of experimental design and procedures (append extra pages as necessary) 

A. Introduction , A major difficulty in mounting an effective epidemiological 
study is developing case finding methods, procedures for follow-up and training 
personnel to conduct these essential tasks* At this Medical Center there now exists 
a unique opportunity to utilize a patient population now being enrolled in prospective 
intervention trials. This nationwide, cooperative investigation into coronary artery 
disease is entitled 1 , "Multiple Risk Factor Intervention in Coronary Prone Individuals" 

and is supported by the National Heart and' Lung Institute. The annual project costs 
Ptare several million do liars* nationally with ^se\ T erar hundred thousands of that total 
allocated for the three centers in the Chicago area. Approximately fifty thousand 
men aged 35-57 will be screened in this region; at least nine hundred with a high- 
risk of developing myocardial infarction will be selected and evaluated at frequent 
intervals* These high risk patients will be enrolled in various programs to determine 
if the expected incidence of myocardial infarction can be reduced. One group will be 
enrolled in a program that includes dietary modification, treatment of high blood 
pressure, and advice to help the patient quit smoking; another group will be referred 
to their private physicians for management. This project will be conducted in three 
phases: (1) identification of patients at risk based upon an elevated blood pressure, 

cigarette use and elevated blood cholesterol, (2) detailed study of those deemed to 
be at increased risk and (3)' intervention by one means or another. The first phase - 
identification of suitable patients - is now under way. The intensive study or 
second phase will include a detailed clinical evaluation, blood chemistry profile, 
and rest and exercise electrocardiography and vectorcardiography. These intensive 
studies will be conducted at St. Joseph’s Hospital, a community hospital nearby the 
Northwestern University McGaw Medical Center. By performing a few additional tests 
that will require no more than 15 additional minutes, the objectives of this proposed 
project can be fulfilled. Because of the established organizational structure and 
system for data collection and follow-up, there is a unique opportunity for additional 
epidemiological investigation - providing the extra procedures do not impose any undue 
burden on the patient or interfere with the primary project* Any additional studies 
that can be included will provide information at a fraction of the cost that would be 
required if an independent program for locating patients, defining their health status 
and obtaining follow-up observations was required. K)035400dL5L 


(continued) 
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9, Details of Experimental Design and Procedures : (continued) 

B. Selection of patients . All of the high risk men will be evaluated in the 
'St, Joseph's Hospital laboratory and will be subjected to the respiratory maneuvers 

required for the purposes of this project. All 900 men will be studied at the time 
they enroll in the program and annually thereafter. One sixth, or 150 men, will 
receive their treatment at the St. Joseph's Hospital center, and they will be 
studied at four month intervals. A careful evaluation of each person's respiratory 
status will be performed, including a physical examination and completion of the 
detailed respiratory questionnaire described in Report of Workshop on Epidemiology 
of Respiratory Disease published by the National Heart and Lung Institute, 1971. 

All of the clinical and laboratory results will be co-mingled with the data obtained 
as part of the primary project. Insofar as possible, the intervention program the 
patient may be following, particularly with regard to his smoking habits, will not 
be known to the technician and will remain unknown to those analyzing the results, 

C. Test procedures . The patients will perform three rapid, forced expiratory 
efforts and three leisurely expirations. The forced expiratory effort will be re¬ 
corded such that the peak or maximum expiratory velocity and. the airflow at various 
selected points over the range of vital capacity will also be available. The super- 
imposition of timing signals, triggered by the rapid rise of expiratory velocity, 
will permit recovery of the forced expired volume at several time intervals Including 
the customary one second value. Thus, a single forced expiratory effort will provide 
information relevant to airflow dynamics at low lung volumes and the traditional 
measures of expiratory flow such as the FEV^, MMF, peak expiratory flow etc. The 
same recording apparatus will be used to inscribe the expired volume during a more 
leisurely expiration for calculation of closing volume and closing capacity, with 

the requisite nitrogen concentration recorded on the axis previously used for ex¬ 
piratory velocity. In addition, the slope of the "alveolar plateau" will be calculated. 

As yet, it is not clear which of these three calculations from this simple maneuver 
is most meaningful. Calculation of the closing capacity is unduly time-consuming 
when performed manually. A digital integration of the expired nitrogen concentration 
would provide a convenient method' for calculating the mean alveolar nitrogen concen¬ 
tration and greatly simplify the closing capacity computation. Inasmuch as almost all 
of the patients will be gainfully employed and relatively well, no procedural difficulties 
are envisioned', and it seems likely that all of the tests can be completed within 
twelve to fifteen minutes. It is uncertain whether three repeat efforts for each 
procedure will be required, but it is appropriate to establish a fixed procedure, 
particularly at the outset. Fewer efforts may suffice at the time of the repeat 
examination. All patients will have a blood sample assayed for alpha-1-anti trypsin 
levels in order to define those within the population under study with a partial or 
complete enzyme deficiency. This will be done at the time of the initial evaluation 
and not repeated subsequently. 

Equipment . In order to minimize the technician 1 time, provide maximum convenience 
for the operator and minimum time for the patient, semi-automatic apparatus will be used. 
Such a system can be provided by Systems Research Laboratories, Inc. An appropriate 
combination of flow detection devices, gas analyzers and digital computing units will 
enable the operator to perform all of the required tests at one sitting within twelve 
to fifteen minutes. The apparatus will require four to five square feet of floor space. 
There will be a graphic record of each test as well as a digital display of the results. 
Prior to its use the equipment will be subjected to rigorous verification' of its 
accuracy, reproducibility and stability plus frequent checks with mechanical standards 
and duplicate determination on staff members using equivalent apparatus at the North¬ 
western University McGaw Medical Center Pulmonary Function laboratories. A preliminary 
scheme for the semi-automatic calculation of mean alveolar nitrogen concentration for 
the closing capacity computation is included in an appendix. 
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(continued) 



'* E. Evaluation of results . The design of this multiple risk factor intervention 
if *}*-study will provide definitive information about the effects of diet, aging, blood 
' r;,- pressure control and alteration of smoking habits on selected lung function tests* 

Traditional tests such as the FEVi, MMF and peak expiratory flow - which are primarily 
dependent upon flow resistance in the large airways - will be compared with the 
closing volume or capacity and flow at low lung volumes which reflect small airway 
.^..function. This comparison will provide information on the relative sensitivity 
of these two classes of lung function tests, rate of change with age, and ability 
"'"‘T to predict the eventual development of overt COPD* The significance, if any, of 

tobacco usage will become evident from a comparison of the results between non-smokers, 
' smokers and ex-smokers. 
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?ft Spate and faci/ifies ava/fdtbfe (when elsewhere than item 2 indicates, state location): 

Laboratory space has been set aside at St* Joseph's Hospital to conduct the 
intensive study of all candidates selected for this long-term project. The 
equipment required for the objectives of the multiple risk factor intervention 
program have been installed but suitable apparatus for the study of lung 
function is not now available* Space to accommodate the special self-contained, 

. ---specially designed equipment mentioned in Section 9 is available. Backup 

laboratory services in the form of trained technical and professional personnel, 
comparable equipment and alternative apparatus in the event of equipment break¬ 
down are available from the Pulmonary Function Laboratories of the Northwestern 
University - McGaw Medical Center. The principal investigator of this proposal 
is in charge of those laboratories. They are equipped with a full range of gas 
analyzers, single and multichannel recorders, flow measuring and sensing devices, 
and some engineering support service. 
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Additional facilities required: 

This project can be accommodated entirely in existing facilities. 
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"* \ Biographical sketches of investigator(s) and other professional personnel (append) 
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-vfe^:. Publication5i (five most recent and pertinent of investigator(s); append lilt, and provide reprints if ava I fa ble£ ^ 
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12. Biographical Sketch 
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BIRTHOME : 

education 


REDACTED 


David U. Cucell, M.D. 

BIRTHPLACE : 
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Deerfield Academy - 
Vale University, B.S. Gagree - 
Long Island College of Medicine, m.l> 


1Z 


degree 


POST-GRADUATE TRAILING 
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Rotating Internship - Bronx Hospital, Kew York City - 1947-1943 
Medical Intern - Albany Hospital, Albany, New York - 1943-1949 
Medical Assistant Resident - Albany Hospital, Albany, Kew York - 19^9-1950 
Research Fellow - Tnorndike Memorial Laboratory, Harvard Medical Scncol, 
Boston City Hospital - 1950-1951 
U. S. Army Medical Department - 1951-1953 

Research'Fellow - Thorndike Memorial Laboratory, Harvard Medical School, 
Boston City Hospital - 1953-1955 

FELLOWSHIP AWARDS 

Arrerican Heart Association Research Fellowship - 1953-1955 
-American Thoractic Society - Potts Memorial Foundation - 1953-1552 
jreer Research Development Award - national Heart Institute, U.S. Public 
Health Service - 1962-1557 


SPECIALTY CERTIFICATION 

American Board of Internal Medicine - 1955 
Sub-Specialty Board of Pulmonary Diseases - 1956 

PROFESSIONAL SOCIETY MEMBERSHIPS AND PROFESSIONAL ACTIVITIES 
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Radley Professor of Medicine, Northwestern University Medical 1 School, and Chief, 

! k. ) Pulmonary Diseases Section 

(Affiliated with Northv;estem University Medical School since 1955, from Associate in 
Medicine to Professor to the 8 j 2 ley Chair; from Director, Pulronary Function Laboratory, 

. to Chief, Pulmonary Section to present Director, Pulmonary Diseases Section, Dept, of Mac.; 
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Upper Extremity Blood Flow in Patients with Chronic Obstructive Air¬ 
ways Disease, Am. J. Med. Sci*, 258 :52-58, 1969. 

2. Cugell, D.W., ,f Use of Tape Recordings of Respiratory Sound and Breathing 
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104:948-950, 1971. 
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3. Addington, W.W., Cugell, D.W., Westerhoff, T., Shapiro, B., and Smith.R., 

"The Pulmonary Edema of Heroin Toxicity—An Example of the Stiff Lung 
Syndrome", Chest , 62:199-205, 1972. 

4. Allen, T.W., Addington, W.W., Rosendal, T., and Cugell, D.W., "Alveolar 
Carbon Dioxide and Airway Resistance in Patients with Postexercise Bronco- 
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Clin., Res ., 20:759, 19727 

2. Chandrasekhar, A.J., Morse, S., Nam, K , and Cugell, D.W., "Limitations 
of FEV-^ for Assessing the Course of Chronic Obstructive Pulmonary Disease 
(C.OP.D.), Clin. Res., 107:1103, 1973. 
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D.W.: Airflow and Closing Volume Measurements in Early Chronic 
Respiratory Disease, Am. Rev. Resp. Dis. 107 :1103, 1973. 

4. Solomon, D., Solliday, N., Buehler, N. and Cugell, D.W.: Closing 
Capacity and Flow Rates at Low Lung Volume in Acute Alterations of 
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First year budgeh 

A. Salaries (give nomei or state "to be recruited") 
Professional (give % time of investigator(s) 
even if no salary requested) 

David W. Cugell, M D. 



Technical 

Mary Hansson, R. N, 

Fringe Benefits - 11.17. 


■*- If 


% time 


107. 


100 % 


Amount 




i 


i 
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X 


B, Consumobl* supplies (by major.categories) 

Recording paper, mouthpieces, 
test tubes 


Sub-Tofol for A 


ft. 


400 | 

i ! 


c 


* 


Sub-Total for B 


400 


C. Othar expenses (itemize) 

Miscellaneous tools, electronic parts 


LOO 


n 





f 


Sub-Total i for C 


100 


Running Total lof A + B + C 


D. Permanent equipment (itemize) 

1. Variable speed, variable stroke 
calibration, pump - to be constructed 

2. SvBtetna Research Laboratory console 
vitn x-y-y recorder, nitrogen meter, 
m-10 predictive screener with mid-fl'ow 
board, memory plotter and dual range 
flow transducer 


C 


E. Indirect costs (15% of A+B+C) 

15. Estimoled future requirements 


Sub-Total for D 
E 


Total request 


13,832 


150 


10,800 

10,950 


2,075 

26,857 


Year 2 
Year 3 


Salaries 

Consumable Suppl 

Other Expenses Permanent Equip. 

Indirect Costs 

Total 
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400 


2,160 

16,558 

400 


2,226 

17,069 
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6 Other sources of financial support 

lisfifinancial iupport from all sources, including own institution, for this and related research protects. 


Title of Project 

Graduate Training Grant In 
Pulmonary Diseases 

Bazley Trust 


CURRENTLY ACTIVE 
Source 

(give gront,numbers) 


Amount 


Inclusive 

Doles 


Title of Project 

alidation of newer method 
of detecting early CO?D 
(a short term project 
based upon bronchospasm 
provocation) 


US PHS - NULL 

$31,000 

April, 1966-June, 1975 


per yea 

: 

Private 

$40,000 

inde f ini.te 


per yea 

1 

PENDING OR PLANNED" 


! 

Source 


Inclusive 

(give grant numbers) 

Amount 

Dates 

jj Chicago Lung Assn. 1 

' $12,641 ! 

1 July 1, 1974 - . 


June 30, L975 


It is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement af Policy Containing Conditions 
and Term Under Which Project Grants Are Made " 


Checks payable to 


Principal investigator, 

Typed Name _ Dav i d W Cugell 
Signalur* 

Telephone_ 


M D 


m a T c f^ i/28/74 - 

7^ ' _ 


Responsible officer of institution 


_f ’ •thur T. Sctvnehlmg, Vice Pres. & C ontroller typ e d Name Da.v’ld Mlntzer 


Availing address for checks 

633 Clark Street 


Evanston, Illinois 60201 



r-tle Vicejir^iiienVj<5. 

Signature _ /js -^ ^ 

Telephone - ^ 


£_ -Science 

Date ^31/7^ 
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